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a  b  s  t  r  a  c  t
Clomazone  (2-[(2-chlorophenyl)methyl]-4,4-dimethyl-3-isoxazolidinone)  is  a herbicide
which  has  been  widely  used  in  southern  Brazil  in  the rice  cultivation  and can  be toxic
for  humans  and  animals.  This  study  reports  the  ﬁrst  outbreak  poisoning  due  to  clomazone
in  a ﬂock  of 103 sheep,  20  of  which  showed  mainly  neurological  and  respiratory  signs.
Clomazone  was  detected  in soil  and  vegetation  samples  and  in  the  liver,  kidney  and  mus-
cles of  poisoned  animals.  The  poisoning  was  experimentally  reproduced  in three  sheep  by
the  administration  of  a 134  mg  kg  body  weight  dose  of  clomazone.  In both  the  natural  and
experimental  cases,  the  clinical  signs  included  tachypnea,  anorexia,  somnolence,  weakness
and ataxia.  Macroscopically,  there  were  no  signiﬁcant  changes.  Histologically,  vacuolizationIsoxazolidinone
Toxic neuropathy in the  white  matter,  perineuronal  vacuoles  and congestion  of the  leptomeningeal  and brain
vessels  were  observed.  Ultrastructurally,  the  vacuolar  lesions  in  the brain  corresponded  to
swelling  of  the dendrites  and  astrocytic  processes.  It  is  concluded  that  clomazone  causes
toxic neuropathy  in sheep.
©  2015  Elsevier  B.V.  All  rights  reserved.1. Introduction
Nervous system diseases of small ruminants caused
mainly by infectious and toxic agents cause signiﬁcant
economic losses in Brazil (Guedes et al., 2007); however,
despite the large amounts of pesticides used in this coun-
try, the only reported neuropathies caused by insecticides
or anthelmintics are related to closantel (Ecco et al., 2006;
Furlan et al., 2009) and haloxon poisonings (Souza et al.,
1996).
∗ Corresponding author. Tel.: +55 5534023003; fax: +55 5534134321.
E-mail address: anjosbl@gmail.com (B.L. Anjos).
http://dx.doi.org/10.1016/j.smallrumres.2015.01.006
0921-4488/© 2015 Elsevier B.V. All rights reserved.Currently, herbicides represent the most widely used
class of pesticides in Brazil, accounting for 56% of all pesti-
cides sold in this country (Peters, 2011). The intensive use of
herbicides and pesticides has worried regulatory agencies
due to their deleterious effects on non-target organisms,
such as plants, animals and humans (Peters, 2011). Because
of the extensive agricultural activity in the southern region
of the country, especially with respect to rice cultivation,
herbicides such as glyphosate, paraquat and clomazone
are used very intensively (Faria et al., 2009; Peters, 2011).
In Brazil, glyphosate poisoning in ﬁshes and humans
(Glusczak et al., 2007; Faria et al., 2009; Modesto and
Martinez, 2010) and paraquat poisoning in humans, dogs,
sheep and cattle (Philbey and Morton, 2001; Serra et al.,
2003; Gupta, 2012; Santos et al., 2012) have been reported.
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Clomazone (2-[(2-chlorophenyl)methyl]-4,4-dimeth-
l-3-isoxazolidinone) is a representative of the isoxazo-
idinone group of herbicides, formulated in the 1980s for
ontrol of annual grasses and broad-leaved weeds in a
ide variety of crops, including rice (Gunasekara et al.,
009). In the plant body, clomazone has systemic action
nd is absorbed by the roots, inhibiting the formation of
hotosynthetic pigments and inducing death. Clomazone
ay  be applied to crops using ground equipment or by
ir (USEPA, 2007). Until now, spontaneous clomazone
oisoning has been reported only in freshwater ﬁshes
Crestani et al., 2007; Moraes et al., 2007; Moraes et al.,
009; Menezes et al., 2011; Cattaneo et al., 2012), and
his poisoning was reproduced experimentally in ﬁsh and
at (Miron et al., 2004; USEPA, 2007). It is believed that
he toxicity of clomazone is based on the inhibition of
cetylcholinesterase and its high capacity to drift enhances
he risk of poisoning in animals and plants (Crestani et al.,
007).
This paper reports the ﬁrst outbreak of spontaneous
lomazone intoxication in sheep and the experimental
eproduction of this poisoning in the same species.
. Material and methods
.1. Epidemiology and clinical examination
In November of 2011, on a farm in the municipality of
ac¸ ambará, Rio Grande do Sul State, Brazil, pronounced
issection of the entire pasture occurred, which was caused
y accidental drift of an herbicide applied by air to a neigh-
oring rice ﬁeld. Epidemiological and toxicological data
ere collected during a visit to a farm, where some animals
f a sheep ﬂock showed clinical signs of accidental expo-
ure to a pesticide drift. Clinical evaluation was performed
n a sheep that showed more severe clinical signs and was
uthanized for pathological evaluation (Sheep #1). Approx-
mately two weeks after exposure, the ﬂock was transferred
o a pesticide-free area. Four weeks post-exposure, a sheep
hat had clinical signs but was fully recovered was also
uthanized and necropsied (Sheep #2). The surviving sheep
ere observed for 120 days after the accidental exposure
o pesticide drift.
.2. Pathological examination
At necropsy, tissue samples of the skin, muscle, liver,
umen, omasum, abomasum, small and large intestines,
ancreas, adrenal glands, kidneys, urinary bladder, lungs,
ymph nodes, bone, spleen, eye, nerves of the brachial
lexus, sciatic nerve, brain and spinal cord (cervical, tho-
acic and lumbar segments) were collected and ﬁxed in 10%
eutral-buffered formalin. The samples were embedded in
arafﬁn, cut in 4 m sections, and stained with hema-
oxylin and eosin stain (HE). After ﬁxation, 1-cm-thick
erial sections were made from the brain, and transverse
ections that were taken from the frontal and parietal
ortices, basal ganglia, hippocampus, cerebellum, thala-
us, rostral colliculus, pons and obex were examined
istologically.esearch 124 (2015) 120–126 121
2.3. Experimental design
The experimental reproduction of the disease was per-
formed using three 8-month-old sheep of the Ideal breed
(#3, 4 and 5), weighing 26–27 kg. Each sheep received
an oral dose of clomazone of 134 mg  per kg body weight
(mg/kg bw) diluted in 100 mL  of distilled water. The dose
used was adapted from the LD50 of different organophos-
phates for the rat (Kahn and Line, 2005). The sheep were
maintained in individual pens during the experiment and
were fed daily with pelleted commercial concentrate feed
for sheep at an amount equivalent to 1% of their body
weight. Alfalfa (Medicago sativa) and water were provided
ad libitum.
The sheep were submitted to daily clinical, hematologi-
cal and biochemical evaluations. Serum activities of aspar-
tate aminotransferase (AST) and -glutamyltransferase
(GGT) and total protein serum concentrations were deter-
mined. For all sheep, blood samples were obtained before
the administration of clomazone (T0), 18 h (Sheep #4) and
24 h (Sheep #3 and 5) after administration (T1), and two
days after the resolution of neurological signs in Sheep
#3 (T2). The animals were monitored until euthanasia at
30 days after administration (Sheep #3) or death (Sheep
#4 and 5). Sheep #3–5 were necropsied, and fragments
of various organs were collected for histologic examina-
tion (similar to those previously described). Immediately
after death, samples of the thalamus, midbrain and liver
of Sheep #4 and 5 were collected and ﬁxed in 2% glu-
taraldehyde and sodium cacodylate-buffered solution. The
samples were dehydrated in ethanol and embedded in
Epon 812. Semithin sections were stained with methy-
lene blue, and ultrathin sections from the selected areas
were stained with uranyl acetate and lead citrate prior to
observation using a Zeiss EM 109 transmission electron
microscope operated at 80 kilovolts.
This work was  approved by the Animal Research Ethics
Committee of Universidade Federal do Pampa under the
protocol number 009/2012.
2.4. Herbicide analysis
Liver and kidney samples of Sheep #1–5 and skeletal
muscle samples of Sheep #2 and #3–5 were collected and
maintained at −20 ◦C for subsequent multiresidue analysis
(100 compounds). After extraction by the modiﬁed Quick
Easy Cheap Effective Rugged and Safe (QuEChERS) method,
the samples were analyzed by liquid chromatogra-
phy/tandem mass spectrometry (LC-MS/MS) (Prestes,
2011). Soil and vegetation samples were analyzed by gas
chromatography-tandem mass spectrometry (GC-MS/MS)
(Anastassiades et al., 2003).
3. Results
3.1. Spontaneous poisoningThe disease affected a ﬂock of 103 Texel adult sheep
grazing a pasture of 40 hectares composed mainly by native
grasses, Lolium multiﬂorum (ryegrass) and Paspalum nota-
tum on a farm in the municipality of Mac¸ ambará, Rio
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the spleen in the center of the red pulp in Sheep #5.Fig. 1. Sheep #1 showing ﬂexion of the right forelimb due to motor weak-
ness.
Grande do Sul State, Brazil. The pasture was neighboring
to a rice ﬁeld, in which an herbicide was applied preemer-
gence by air in November 2011. On the day of herbicide
application the conditions for aerial application of the prod-
uct were inappropriate and the wind caused the dispersion
of the product that hit the sheep pasture area. The farmer
did not disclose the product or the dose that was  applied.
A pronounced dissection of the entire pasture occurred
as a consequence of the accidental drift of the herbicide.
Native grasses and leguminous species, as well as large
trees showed large amounts of dry leaves by the herbi-
cide action. During the evaluation in loco of the pasture, all
members of the team reported a strong odor of herbicide
and burning eyes, lips and nose.
Approximately 10 days after exposure to the herbi-
cide, 20 out of the 103 sheep showed tachypnea, anorexia,
lethargy, limited mobility and weakness characterized by
dragging of the hooves and ﬂexing the hock and fetlock
(Fig. 1). Some sheep showed hypotrichosis of the facial skin
and crusts in the ears. Upon inspection of the area where
the animals grazed, a strong smell of herbicide was noted,
even at 10 days after exposure. Four weeks after exposure
to the herbicide, all sheep, except one that was euthanized
with severe clinical signs, recovered from clinical signs.
At necropsy, the lungs of Sheep #1 showed moder-
ate multifocal areas of consolidation and slight ﬁbroelastic
consistency, and the liver was slightly yellowish with an
evident lobular pattern. Sheep #2 showed no signiﬁcant
gross lesions. Histologically, the lungs of Sheep #1 showed
moderate thickening of the interalveolar septum with
moderate proliferation of ﬁbroblasts and collagen, mild
proliferation of type II pneumocytes, emphysema, edema
and moderate bronchial smooth muscle cell hypertrophy
(Fig. 2A). Moderate diffuse vacuolation of hepatocytes was
observed in the liver, especially in the periportal and
midzonal zones. Rare hepatocytes were necrotic, and
numerous neutrophils were observed within the blood
vessels. The spleen showed moderate hemosiderosis and
neutrophilic inﬁltrate surrounding the white pulp. The kid-
neys showed moderate diffuse congestion and rare hyaline
casts within renal tubules.Research 124 (2015) 120–126
Vacuolation of the white matter and severe conges-
tion of blood vessels of the leptomeninges and brain
were observed in the cerebrum, cerebellum and brain-
stem. Furthermore, mild perivascular edema, mild mixed
inﬂammatory cell inﬁltrate around blood vessels and per-
ineuronal vacuolization of Purkinje cells were observed in
the cerebellum (Fig. 2B). Sheep #2 had similar changes in
the brain, but to a lesser degree.
Soil and vegetation samples contained 0.4 mg kg−1
and 0.9 mg  kg−1 clomazone, respectively. In multiresidue
analysis, the liver and kidney samples (Sheep #1 and
2) were positive for clomazone herbicide at values less
than the minimum limit of quantiﬁcation of the test
(LOQm = 0.01 mg  kg−1) but greater than the minimum
limit of detection (LODm = 0.005 mg  kg−1) (Table 1). In the
skeletal muscle sample (Sheep #2), for example, a chro-
matographic peak corresponding to 1141.79 area units was
observed for clomazone herbicide; this signal unequiv-
ocally demonstrated the presence of clomazone in the
sample under the LC-MS/MS conditions employed.
3.2. Experimental poisoning
Approximately 24 h after clomazone administration,
Sheep #3 showed weakness, instability with frequent falls,
postural changes, and ataxia with abduction and crossing
of the legs when walking. Frequent falls, muscle tremors
and moderate dyspnea were also observed. After falling, the
animals rested in sternal recumbency for approximately
20 min  before returning to a standing position. If the sheep
were stimulated to walk, the signs became more accentu-
ated. These signs gradually decreased, and on the fourth
day after administration of the herbicide, the sheep were
fully recovered. Sheep #4 showed sternal recumbency 12 h
after administration and died 6 h later. Approximately 10 h
after administration of clomazone, Sheep #5 showed weak-
ness, falling, permanent mydriasis, lateral recumbency and
muscle tremors and spasms of the hindlimbs and forelimbs,
dying 20 h later.
Hematological evaluations (Table 2) showed anemia in
Sheep #3 and 5, a slight increase in AST in Sheep #4 and
#5, a mild decrease in total plasma proteins in Sheep # 3
and 5, and leukocytosis with neutrophilia in all sheep.
At necropsy of Sheep #3-5, no gross ﬁndings were
observed. Histologic lesions were observed mainly in the
central nervous system. In all sheep, the blood vessels of
the meninges and neuropil were moderately dilated and
congested, mainly in Sheep #4, which died 18 h after
clomazone administration. In Sheep #3 and 5, mild hem-
orrhages in the Virchow-Robin space with slight swelling
of endothelial cells and perivascular edema were observed.
Vacuolation of the white matter was observed mainly in the
brainstem. This lesion was  more pronounced in Sheep #5,
which died 30 h after the administration of the herbicide.
Multifocal areas of congestion and moderate alveolar
edema were observed in Sheep #3–5. Diffuse conges-
tion and mild neutrophilic inﬁltrate were observed inIn Sheep #3 and 5, the kidney had moderate congestion
in the medullary region and some granular and hyaline
casts in the renal tubules. Mild interstitial inﬁltration by
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Fig. 2. A and B. Sheep #1. A. Lung showing thickening of the septum (arrow), moderate diffuse congestion, and areas of emphysema (*). Hematoxylin and
eosin. Bar = 100 m. B. Cerebellum. Multiple perineuronal vacuoles are observed near the Purkinje cells. Hematoxylin and eosin. Bar = 20 m. C. Sheep #5.
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(idney  showing an area of necrosis with pyknotic nuclei and increased 
ubules. A close-up view of the kidney showing necrotic tubular cells wit
nd  in the glomerulus (G). Hematoxylin and eosin. Bar = 20 m.
eutrophils of the cortical region and acute tubular necrosis
ere also observed in the kidney in Sheep #5 (Fig. 2C).
An ultrastructural examination of Sheep #4 and 5
howed marked swelling of astrocyte processes (Fig. 3A)
nd neuronal dendrites of the thalamus and midbrain
Fig. 3B). In these areas, the axons were also swollen
Fig. 3B and C), with dispersion of axoplasmic microtubules
ccasionally in the presence of membranes (Fig. 3B).
he neuronal perikarya showed dilated cisternae of the
mooth endoplasmic reticulum and mitochondria with
able 1
ultiresidue analysis of liver, kidney and skeletal muscle samples of the sheep na
Sheep # Poisoning form (unit) Sam
Liv
1 Na
(unit of the area)b
232
2  N
(unit of the area)
3
3  Ec
(mg/kg−1)d
400
4  E
(mg/kg−1)
255
5  E
(mg/kg−1)
88
a Natural poisoning.
b Value less than the minimum limit of quantiﬁcation of the test (LOQm
LODm = 0.005 mg/kg−1).
c Experimental poisoning.
d Value above the minimum limit of quantiﬁcation of the test; not evaluated.hilia of the cytoplasm of the epithelial cells of the proximal convoluted
al tubule (arrowhead) and some neutrophils in the interstitium (arrow)
lysis of the cristae (Fig. 3A). The axonal mitochondria were
swollen, with disruption of mitochondrial membranes
and lysis of the cristae (Fig. 3C). In some mitochondria,
small, round, electron-dense bodies and membrane debris
were found. Hepatocytes contained swollen mitochon-
dria with lysed cristae, lipid droplets of varying sizes,
and membrane-associated vacuoles with granular content
(Fig. 3D).
The results of toxicological evaluation via chemical
analysis of Sheep #3–5 are presented in Table 1.
turally and experimentally poisoned by clomazone.
ples of the sheep
er Kidney Skeletal muscle
.19 143.20 –
.74 33.98 1141.79
.00 63.7 1.9
.8 10.3 15.1
.3 51.5 96.1
= 0.01 mg/kg−1) and greater than the minimum limit of detection
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Fig. 3. Transmission electron microscopy. A. Sheep #5. Brainstem. A neuron (N) with dilated cisternae in the endoplasmic reticulum (*) and tumescent
mitochondria (m)  with rupture of the cristae is observed. Vacuoles (V) representing very swollen astrocytic processes are observed around the neuron.
Astrocyte (A). Bar = 2 m.  B. Sheep #5. Brainstem. Swollen axons (*) with disappearance of microtubules and the presence of membranes (arrow) are
observed. A swollen dendrite is also observed (D). Neuron (N). Bar = 2 m.  C. Sheep #4. Brainstem. A swollen dilated axon (*) with a thin myelin sheath
due  to dilatation of the axoplasm is observed. Another axon shows a severely swollen mitochondria with an electrodense matrix and rupture of the
mitochondrial membrane (white arrow). D. Sheep #4. Liver. Hepatocyte showing a membrane-limited vacuole (V) with granular content. Lipid vacuoles
ristae aof  different sizes (*) and tumescent mitochondria (M)  with lysis of the c
Bar  = 2 m.
4. Discussion
The diagnosis of poisoning by clomazone among sheep
in southern Brazil was based on the toxicologic analy-
sis showing the presence of clomazone in soil, vegetation
and tissues samples and on the occurrence of the dis-
ease in a pasture where the vegetation was desiccated
by the accidentally application of the herbicide 10 days
before. Otherwise, the clinical signs and lesions observed
in the spontaneous affected sheep were similar than those
observed in the experimental sheep. According to Gupta
(2012), all herbicides require speciﬁc conditions for use,
and application errors are the main cause of poisoning in
humans and animals. In the poisoning reported herein, the
exposure of sheep to clomazone at the time of application
and for over 10 days thereafter occurred by accidental con-
tact with the drift of large amounts of the product after
aerial application. Clomazone residues can persist for up
to 130 days in water and have been detected in 90% of
water samples collected from rivers in rice growing regions
(Zanella et al., 2002).
Except for Sheep #4, which died after a clinical mani-
festation period of 6 h, experimentally and spontaneouslyre also observed. Note the remnants of cristae within the mitochondria.
poisoned sheep showed nervous and respiratory signs sim-
ilar to those observed in the ﬁeld cases. A study examining
ﬁsh exposed to water containing clomazone reported a
signiﬁcant reduction in acetylcholinesterase activity 12 h
after exposure, with recovery to normal activity after 192 h
in clean water (Crestani et al., 2007). These results sug-
gest that clomazone inhibits acetylcholinesterase in brain
and muscle tissue (Crestani et al., 2007; Cattaneo et al.,
2012). Similar clinical signs have been reported in rumi-
nants poisoned by organophosphates and carbamates, and
involvement of the central nervous system was  noted
(Barros and Driemeier, 2007; Dalto et al., 2011).
Clinical signs induced by organophosphates and carba-
mates are muscarinic, including cardiorespiratory distur-
bances, and nicotinic, characterized by ﬂaccid paralysis,
opisthotonus, tremors and muscular weakness (Osweiler,
1998; Radostits et al., 2007). However, the axonal and den-
dritic injuries characterized by vacuolation of the white
matter and perineuronal vacuolation observed in the sheep
poisoned by clomazone have not been reported in cases
of organophosphate and carbamate poisoning, suggesting
that these effects may  be due to the direct action of the
toxin on the nervous tissue.
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All spontaneously and experimentally intoxicated
sheep had moderate congestion of blood vessels with
mild hemorrhages and edema in addition to swelling of
the endothelial cells in most regions of the central ner-
vous system. These changes may  be related to vascular
changes induced directly by the toxin. The vascular changes
may  also be responsible for the neutrophilic inﬁltration
observed in the liver (Sheep #1) and spleen (Sheep #1 and
5). The histologic lesions of the nervous system observed
in Sheep #1 and 2 were more marked than those observed
in the experimental cases, which was most likely due to
a longer period of exposure to clomazone. Additionally, in
the spontaneous outbreak, sheep may  have been exposed
to the pesticide by both ingestion and the respiratory route.
Sheep #1 and 2 had interstitial pneumonia, suggesting
that the primary toxic effects of clomazone occur in the
respiratory epithelium and indicating that the respiratory
system is an important route of ingestion of the product.
A similar situation has been reported in paraquat poison-
ing (Serra et al., 2003). However, the muscarinic action
may  also be responsible for these signs, as described in
cases of poisoning by organophosphates and carbamates
in herbivores (Pugh, 1975; Summers et al., 1994; Radostits
et al., 2007; Barros and Driemeier, 2007). Hypotrichosis
with ulcerative dermatitis was observed in the skin of
some sheep during the outbreak, which may  have occurred
through contact with the drift of clomazone. Thus, skin
absorption should be considered as an absorption path-
way of the product, similar to that reported in paraquat
poisoning (Serra et al., 2003).
The fatty degeneration observed in hepatocytes of
Sheep #4 was  conﬁrmed by ultrastructural evaluation and
may  have been caused by the direct action of the product
in hepatocytes, similar to the lesions described by Crestani
et al. (2007) in the liver of ﬁsh poisoned by clomazone. The
mitochondrial damage in hepatocytes was similar to that
observed in both neurons and astrocytes of Sheep #4 and
#5.
The routes of clomazone poisoning in mammals have
not been described; however, the manufacturer mentioned
the risk of ingestion by oral, respiratory and cutaneous
routes (USEPA, 2007). In the present outbreak, the sheep
presented nervous and respiratory signs as well as skin
lesions, suggesting that the toxin was  ingested by digestive,
respiratory and cutaneous routes.
The elimination route of clomazone has not been
described (USEPA, 2007); however, the acute tubular
necrosis in the kidneys observed in Sheep #1 and 5 demon-
strates the nephrotoxic action of clomazone and suggests
that the kidneys have an important role in the elimination
of this herbicide.
Reduced hematocrit and red blood cells, similar to that
observed in the spontaneously and experimentally poi-
soned sheep (Table 2), has been reported in humans (Santi
et al., 2011) and catﬁsh (Crestani et al., 2006; Crestani et al.,
2007; Santi et al., 2011; Pereira, 2012) poisoned by cloma-
zone and are due to injury of the cell membrane caused
by increased levels of oxidative stress. Lesions in the ery-
throcyte cell membrane also explain the hemosiderosis
and the presence of neutrophils in the splenic parenchyma
observed in Sheep #1 and 5. The elevation of AST activity
minant 126 M.Z. Fagundes et al. / Small Ru
was most likely due to the degenerative necrotic lesions
in predominantly centrilobular hepatocytes (Sheep #1), as
it was also observed in ﬁsh exposed to clomazone. There
was signiﬁcant reduction in lesions after these ﬁsh were
removed from the contaminated water (Crestani et al.,
2007).
Clomazone was detected in soil and vegetation sam-
ples and also in samples of the liver, kidney and skeletal
muscle of affected sheep that died of poisoning. However,
Sheep #3, which fully recovered 30 days after adminis-
tration, also showed a signiﬁcant amount of clomazone
in the liver, kidney and skeletal muscle, suggesting that
there is a risk associated with ingestion of contaminated
meat and offal from sheep exposed to clomazone. No data
could be found on the maximum acceptable clomazone
limits in meat destined for human consumption in Brazil.
The results of this research indicate the necessity of better
supervision of the use of clomazone and other herbicides
in Brazil because these herbicides may  be public health
hazards.
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